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Abstract
Background: Acute Respiratory Infections (ARI) are a leading cause of childhood mor-
tality and morbidity. Malawi has high childhood mortality but limited data on the prev-
alence of disease in the community.
Methods: A cross- sectional study of children aged 0- 59 months. Health passports 
were examined for ARI diagnoses in the preceding 12 months. Children were physi-
cally examined for malnutrition or current ARI.
Results: 828 children participated. The annual prevalence of ARI was 32.6% (95% CI 
29.3- 36.0%). Having a sibling with ARI (OR 1.44, P = .01), increasing household density 
(OR 2.17, P = .02) and acute malnutrition (OR 1.69, P = .01) were predictors of  infection 
in the last year. The point prevalence of ARI was 8.3% (95% CI 6.8- 10.4%). Risk factors 
for current ARI were acute- on- chronic malnutrition (OR 3.06, P = .02), increasing 
household density (OR1.19, P = .05) and having a sibling with ARI (OR 2.30, P = .02).
Conclusion: This study provides novel data on the high prevalence of ARI in Malawi. 
This baseline data can be used in the monitoring and planning of future interventions 
in this population.
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1  | INTRODUCTION
Global reduction in childhood mortality by 66% is a millennium devel-
opment goal.1 Acute respiratory infections (ARIs) encompass bacterial 
and viral infections of the upper respiratory tract (URT) or lower respi-
ratory tract (LRI). ARI are the commonest cause of illness and mortality 
in under 5s resulting in over 900,000 deaths annually, most of which 
are due to pneumonia.2 Malawi, the world’s poorest country,3 has an 
under 5 mortality of 64/1000.4 Over 70% of Malawian children seek 
treatment for ARIs,4 and they cause 6%- 40% of childhood mortality.5,6 
Children living rurally are more likely to be affected,6.7 The prevalence 
of respiratory tract infections in the community has not been studied 
in rural areas of Malawi; the burden of disease to healthcare services 
is unknown.
Risk factors for mortality from childhood acute respiratory in-
fection (ARI) in Malawi include HIV coinfection, acute malnutrition 
preterm birth and household overcrowding,8-13 estimating mortality in 
hospitalized children at 2.0%- 5.6%.12,13 Therefore, research determin-
ing the generalizability of these risk factors to children in the commu-
nity was needed. The 13- valent pneumococcal conjugate vaccination 
(PCV13) was introduced in Malawi in November 2011 and has been 
Geological Location
Mangochi District, Malawi.
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shown to decrease severe childhood pneumonia by 65% in both hos-
pitalized and community cases.14 Malawi has a national programme 
for PCV, and recent data suggest that 49.9% of children under five 
receive PCV, but the uptake in Mangochi is unknown. Malawi’s 
Expanded Programme of Immunization (EPI) includes tuberculosis, 
polio, tetanus, haemophilus influenzae B, measles and rotavirus.15 
Approximately 80% of Malawian children receive EPI immunizations 
with uptake being lower in rural communities.16-18 Regional varia-
tions in vaccination uptake are associated with disparities in access 
to health care.19
Malnutrition increases the likelihood of contracting childhood 
infectious diseases, including ARI.20,21 Furthermore, malnutri-
tion independently causes childhood mortality and morbidity.22 
Approximately 47% of Malawian children are chronically malnour-
ished, but there have been no studies on acute malnutrition in 
Malawi.23,24 Additionally, no studies have examined malnutrition in 
the context of ARI in Malawi.
Thus, ARIs are a leading cause of childhood mortality and mor-
bidity, but there is limited data on LRTI in Malawi. Prevalence studies 
reflect the burden of diseases on healthcare services. Therefore, this 
study, which aimed to establish baseline levels of disease in a rural 
area, will assist in planning future services and monitoring the prev-
alence of ARI. Furthermore, this study considered risk factors for ARI 
including malnutrition, PCV vaccination, number of siblings, socio- 
economic status and access to health care to identify areas that pre-
ventative measures can target.
1.1 | Aims and objectives
The primary objective of this study was to determine the annual prev-
alence of ARI in children aged 0- 59 months in Monkey Bay, Mangochi 
District, Malawi. Secondary objectives were to determine the point 
period prevalence of ARI and risk factors for ARI in this population.
2  | MATERIALS AND METHODS
2.1 | Study design
This was a cross- sectional, population- based study of a random sam-
ple of children aged 0- 59 months in rural Monkey Bay. Data were 
obtained in three ways: an oral survey, physical examination and in-
spection of health passports.
2.2 | Setting and population
Malawi is divided into 28 administrative districts. Mangochi district, 
with an estimated population of 600 000, has lower income and 
poorer health than average.25 Mangochi is divided into five healthcare 
zones, one of which is Monkey Bay. Our study population included all 
children aged 0- 59 months living in rural Monkey Bay. Within areas, 
health surveillance assistants (HSAs) provide basic health assess-
ments26 and refer children with symptoms of respiratory disease to 
healthcare providers.
Communities were defined as the area under one HSA. Some 
HSAs oversee multiple villages. Rural communities, with an estimated 
population of less than 2000 and no trading post, were eligible for 
inclusion. Within a community, all children aged 0- 59 months were 
eligible for inclusion in the study provided their parent/guardian 
consented and the household was registered on a pre- study census 
conducted in November 2014 as part of a larger study, ensuring that 
participants were residents of communities sampled. Villages with a 
population exceeding 2000 were excluded as larger, urban areas tend 
to have a more transient population, and it would have therefore have 
been difficult to follow residents of the November 2014 census up.
2.3 | Sampling
In the absence of prior similar studies, a conservative pre- study sam-
ple size was calculated utilizing Raosoft (Vovici, Seattle, Washington, 
USA) assuming a 50% prevalence of infection and population size of 
20 000. 754 children were required to detect the prevalence of LRTI 
with 5% precision at the 95% confidence level.
A list of the 72 HSAs in Monkey Bay was obtained. Five HSAs were 
excluded for having communities with a trading post. 17 HSAs were 
excluded for overseeing an estimated population exceeding 2000, 
leaving 50 HSAs eligible for selection. Six HSAs were selected using 
a random number generator from an alphabetical list. These oversaw 
eight villages. Within villages, all children aged 0- 59 months were sam-
pled. Households were notified in advance of the researchers’ atten-
dance and the purpose of the study by HSAs. Children were brought to 
a central location by their parent, and residence in the village was con-
firmed. After all children had been seen, households in the community 
were visited door- to- door, enabling all resident children to participate. 
Villages were visited on at least two separate occasions to ensure that 
children absent on the first visit were sampled.
2.4 | Procedure
The purpose and procedures of the study were explained to local health 
authorities and permission obtained from village chiefs, aided by a trained 
translator. Following parental consent to participate, children were allo-
cated a unique identification number under which data were entered.
A verbal survey, obtained from participants’ parents and facilitated 
by a translator, elicited data on risk factors including maternal educa-
tional level (as a proxy for socio- economic status), clustering of disease 
(another child with ARI recorded in their health passport in the last 
12 months in the household) and number of rooms in household and 
number of household residents (household density).
To determine the annual prevalence of ARI, health passports were 
examined. These are patient- held records of all consultations with 
healthcare professionals. A positive diagnosis of ARI was recorded if 
an acute respiratory tract infection with clinical signs of pneumonia 
treated with antibiotics, lower respiratory tract Infection, or pneumo-
nia was documented in the passport in the 12 months prior to the 
date of visit or since birth in infants less than a year old. Children’s vac-
cination records, contained within the passport, were also inspected. 
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Whether children had received all age- appropriate PCV vaccinations 
and EPI mandated vaccinations for their age (as a proxy for access to 
health care) were recorded. In older health passports, before the ad-
dition of PCV to EPI, data on PCV status were not included in analysis 
as it was not possible to definitively ascertain whether or not they had 
received vaccination.
Assenting children were then examined physically to determine 
the point prevalence of ARI using integrated management of child-
hood illness (IMCI) guidelines by doctors/medical students from the 
United Kingdom who had been trained in assessing children using 
IMCI.27 Parents were asked whether their child currently had a cough 
and about the presence of IMCI general danger signs. The child’s tem-
perature was taken. Children’s chests were then exposed and evidence 
of increased work of breathing (indrawing or subcostal recessions) 
observed. Next, respiratory rate was counted for one minute during 
which time the researcher listened for stridor. A positive clinical diag-
nosis of ARI was recorded if a child had a cough and tachypnoea (re-
spiratory rate >50/minute in children <12 months old, respiratory rate 
>40/minute in children >12 months old) or cough and chest indrawing 
or stridor when calm.
Finally, children were assessed for malnutrition follow-
ing Integrated Management of Childhood Illness Guidelines.27 
Participants with pitting oedema present for more than two- seconds 
after the researcher pressed their thumb inferior to the medial malleo-
lus for three- seconds were classified as acutely malnourished. Weight 
was measured to the nearest 0.02 Kg, with shoes and outer clothes 
removed, using scales that were calibrated each day. Participants 
aged 0- 23 months had length measured to the nearest 0.1 cm using 
a length board. Participants aged 24- 59 months had height measured 
to the nearest 0.1 cm using a vertical Leicester Height Measure®. All 
measurements were taken three times, with the median measure used. 
Measurements were then plotted on Weight- for- Height (acute mal-
nutrition), Height- for- Age (chronic malnutrition) and Weight- for- Age 
(acute- on- chronic malnutrition) z- score growth charts. Measurements 
plotted below - 2 standard deviations from normal were classed as 
malnourished.27
2.5 | Data handling
Data were entered into Microsoft Excel (Microsoft, Redmond, 
Washington, USA) on a tablet device at the time of gathering. Data 
were then checked, coded and entered into spss version 22 (IBM, New 
York, USA) for analysis.
2.6 | Statistical analysis
Demographic data were first analysed. Continuous variables were 
tested for normality. Mean and standard deviations (S.D.) were cal-
culated for normally distributed variables. Median and interquartile 
ranges (IQR) were analysed for nonparametric variables. The percent-
age of participants with each categorical variable was calculated.
The annual prevalence of ARI was the percentage of children with 
one or more episodes of ARI recorded in their health passport. The 
point prevalence of ARI was the percentage of children classified with 
clinical ARI following physical examination. For all prevalence data, 
95% confidence intervals (CI) were calculated.
Univariate analysis determined potential predictor variables for 
current and annual ARI. Chi- square tests examined the significance 
of differences between groups. Mann- Whitney U tests examined the 
association between age and ARI. Variables demonstrating signifi-
cance at the P < 0.10 level were entered into binary logistic regression 
models, for annual prevalence of ARI and point prevalence of ARI, to 
identify independent risk factors.
2.7 | Ethical considerations
Ethical approval for this study was obtained from University of 
Birmingham BMedSci Population Sciences and Humanities Internal 
Ethics Review Committee (reference no. 2014- 15/CI/LJ/04), London 
School of Hygiene and Tropical Medicine (reference no. 6500) and 
Malawi College of Medicine Research Ethics Committee (reference 
no. P.02/14/1521).
3  | RESULTS
3.1 | Socio- demographics
828 children participated. The mean size of village sampled was 156 
(range 90- 300) households. An average of 67% (range 48%- 86%) of 
children registered on the census were found to be resident in the 
communities at the time of study and were sampled. Within com-
munities, parental consent was obtained for all sampled children to 
participate. No data were withdrawn. Demographic information is 
presented in Table 1. The median (IQR) age of children was 27 (13- 
41) months. 62.2% (517/828) were male. Most (53.1%, 440/828) 
mothers had primary- level education. Only two mothers (0.4%) had 
attended further education. Most households had two adults (80.4%, 
666/828) and two rooms (40.2%, 333/828). The majority of children 
(70.8%, 587/828) lived in households with four or fewer children. 
Average household density was 2.77. Vaccination records seen for 
74% (613/828) of children; 73 children had lost health passports and 
142 children had damaged health passports without the vaccination 
record. Age- appropriate EPI vaccinations had been received in 77.2% 
(412/613) of children.
3.2 | Prevalence of ARI
Health passports were available for 91.2% (755/828) of participants. 
The annual prevalence of ARI was 32.6% (246/755, 95% CI 29.3%- 
36.0%, Standard Error (S.E.) 1.7). A sensitivity analysis, assuming that 
all children with missing passports did/did not have ARI, estimated 
the annual prevalence of ARI at 29.7%- 38.5% (95% CI 26.6%- 41.8%).
All children assented to examination. The point prevalence of ARI 
was 8.3% (69/828, 95% CI 6.8%- 10.4%, S.E. 0.9). 43% (356/828) of 
children had a cough. Of these children, 1.4% (5/356) had evidence 
of respiratory distress consistent with a diagnosis of severe disease. 
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18.3% (65/356) had tachypnoea resulting in a positive diagnosis of 
clinical none- severe ARI.
3.3 | Malnutrition
Heights were obtained for all children. Median (IQR) height was 83.3 
(71.9- 91.83) cm. Weights were obtained for 825 children; three chil-
dren did not assent to weighing. Mean (S.D.) weight of children was 
11.09 (3.22) Kg. Acute malnutrition affected 5.3% (44/825, 95% CI 
3.8%- 6.8%, (S.E.) 0.8) of children. Chronic malnutrition was present in 
32.6% (270/828, 95% CI 29.5%- 35.9%, S.E. 1.6) of children. Acute- 
on- chronic malnutrition was present in 16.0% (132/825, 95% CI 
13.2%- 18%, S.E. 1.3) of children.
3.4 | Risk factors for ARI
PCV vaccination status was included in 72.0% (596/828) of health 
passports vaccination records; 13 children had older health passports 
without record of PCV. 80.0% (476/596) of children were eligible for 
PCV; 20.1% (120/596) had completed vaccinations prior to inclusion 
of PCV. PCV had been completed by 76.7% (457/476) of eligible chil-
dren. The remaining 3.2% (19/476) were not vaccinated despite being 
eligible.
To determine risk factors associated with ARI, the proportion of 
children with each potential risk factor were compared in ARI pos-
itive and negative groups (see Table 2). Factors associated with in-
creased risk of ARI in the last year included male gender (OR 3.45, 
95% CI 2.49- 4.77, P < .01), lower socio- economic status (P = .02), 
>four children in household (OR 1.41, 95% CI 1.01- 2.01, P = .05), 
having an effected sibling (OR 1.75, 95% CI 1.19- 2.56, P = .01) 
and acute malnutrition (OR 1.66, 95% CI 0.87- 3.14, P = .10). Not 
PCV (OR 0.62, 95% CI 0.34- 0.99, P = .03) and inadequate access 
to health care (OR 0.68, 95% CI 0.41- 0.95, P = .04) were protec-
tive factors. Factors significantly associated with having ARI on ex-
amination were having three or more adults in the household (OR 
1.46, 95% CI 0.78- 2.60, P = .02), having a sibling with ARI (OR 2.09, 
95% CI 1.20- 3.63, P < .01), acute- on- chronic malnutrition (OR 1.98, 
95% CI 1.12- 3.50, P = .02) and acute malnutrition (OR 2.62, 95% CI 
1.17- 5.89, P = .02.
Forward stepwise binary logistic regression models examined fac-
tors associated with ARI when confounders such as community of res-
idence were considered (see Tables 3 and 4). The logistic regression 
model for annual prevalence of ARI accounted for 16% (Nagelkerke 
R2=.16) of the variance in prevalence. Having a sibling with ARI (OR 
1.44, 95% CI 1.12- 1.65, P = .01), increasing household density (OR 
2.17, 95% CI 1.82- 2.68, P = .02) and being acutely malnourished (OR 
1.69, 95% CI 1.28- 1.76, P = .01) significantly increased the likelihood 
of having ARI.
The model produced for point prevalence of ARI accounted for 
18% (Nagelkerke R2=.18) of the variance in prevalence. Compared to 
those without ARI, children with ARI on examination were significantly 
(P < .05) more likely to have a sibling with ARI (OR 2.30, 95% CI 1.13–
4.67, P = .02), live in a more densely populated household (OR 1.19, 
95% CI 0.82- 1.54, P = .05) and have acute- on- chronic malnutrition 
(OR 3.06, 95% CI 1.23- 7.61, P = .02.
4  | DISCUSSION
The only prior data on ARI in the community in Malawi estimated 
that 70% of children under 5 were affected.4 This study found that 
almost a third of children seek treatment for respiratory tract infec-
tions annually, suggesting a higher burden of disease than hospital 
TABLE  1 Socio- demographic characteristics of the included 
children
Socio- demographic Variables
Number of Participants 
(n = 828) a
Age (Months) 27 (13- 41)
Gender
Male 517 (62.2)
Female 311 (37.8)
Maternal Education
None 321 (38.7)
Primary Level 440 (53.1)
Second Level 65 (7.8)
Further Education 2 (0.4)
Number of Children in Household
1 113 (13.6)
2 178 (21.5)
3 135 (16.3)
4 161 (19.4)
5 112 (13.5)
6 62 (7.5)
7 29 (3.5)
8 22 (2.7)
9 12 (1.5)
10 4 (0.5)
Number of Adults in Household
1 35 (4.2)
2 666 (80.4)
3 73 (8.8)
4 32 (3.9)
>4 22 (2.7)
Number of Rooms in Household
1 224 (27.1)
2 333 (40.2)
3 216 (26.1)
4 51 (6.2)
5 4 (0.4)
Household Density 2.77 (2.03–4.38)
aData are median [interquartile range (IQR)]; or n (%).
     |  493COX et al.
T
A
B
L
E
 2
 
Ri
sk
 F
ac
to
rs
 fo
r A
RI
P
oi
nt
 P
re
va
le
nc
e 
of
 A
R
I (
n 
= 
82
8a
)
P
er
io
d 
P
re
va
le
nc
e 
of
 A
R
I (
n 
= 
75
5b
)
A
R
I P
os
it
iv
e 
(%
)c
A
R
I N
eg
at
iv
e 
(%
)c
O
dd
s 
R
at
io
 (9
5%
 
C
on
fid
en
ce
 In
te
rv
al
)
P 
va
lu
ec
A
R
I P
os
it
iv
e 
(%
)c
A
R
I N
eg
at
iv
e 
(%
)c
O
dd
s 
R
at
io
 (9
5%
 
C
on
fid
en
ce
 In
te
rv
al
)
P 
va
lu
ec
M
ed
ia
n 
(In
te
rq
ua
rt
ile
 R
an
ge
) A
ge
26
 (1
2-
 36
)
27
 (1
4-
 42
)
N
/A
.6
8
27
 (1
4-
 40
)
26
 (1
3-
 42
)
N
/A
.7
6
G
en
de
r
M
al
e
45
 (6
5.
2)
47
0 
(6
1.
9)
1.
15
 (0
.6
9-
 1.
93
)
.6
1
17
2 
(6
9.
9)
20
5 
(4
0.
3)
3.
45
 (2
.4
9 
– 
4.
77
)
<.
01
Fe
m
al
e
24
 (3
4.
8)
28
9 
(3
8.
1)
74
 (3
0.
1)
30
4 
(5
9.
7)
d (M
at
er
na
l E
du
ca
tio
n)
N
on
e
28
 (4
0.
6)
29
3 
(3
8.
6)
1.
00
.6
5
79
 (3
2.
2)
21
1 
(4
1.
5)
1.
00
.2
2
Pr
im
ar
y
37
 (5
3.
6)
40
3 
(5
3.
1)
1.
04
 (0
.6
2-
 1.
74
)
.8
8
13
9 
(5
6.
6)
26
6 
(5
2.
3)
1.
39
 (1
.0
0-
 1.
94
)
.0
5
Se
co
nd
4 
(5
.8
)
61
 (8
.0
)
1.
46
 (0
.4
9-
 4.
31
)
.5
0
27
 (1
1.
0)
31
 (6
.0
)
2.
32
 (1
.3
0-
 4.
14
)
<.
01
Fu
rt
he
r
0 
(0
.0
)
2 
(0
.3
)
N
/A
N
/A
1 
(0
.2
)
1 
(0
.2
)
2.
67
 (0
.1
6-
 43
.1
6)
0.
49
N
um
be
r o
f C
hi
ld
re
n 
in
 
H
ou
se
ho
ld
1-
 4
51
 (6
.2
)
53
6 
(6
4.
7)
1.
18
 (0
.5
2 
– 
2.
02
)
.3
9
18
7 
(7
6.
0)
35
1 
(6
9.
1)
1.
41
 (1
.0
1-
 2.
01
)
.0
5
≥5
18
 (2
.1
)
22
3 
(2
7.
0)
59
 (2
4.
0)
15
7 
(3
0.
9)
N
um
be
r o
f A
du
lts
 in
 
H
ou
se
ho
ld
1-
 2
55
 (7
9.
7)
64
6 
(8
5.
1)
1.
46
 (0
.7
8–
2.
60
)
.0
2
20
8 
(8
4.
6)
43
8 
(8
6.
1)
1.
12
 (0
.7
3–
1.
72
)
.5
9
≥3
14
 (2
0.
3)
11
3 
(1
4.
9)
38
 (1
5.
4)
71
 (1
3.
9)
N
um
be
r o
f R
oo
m
s 
in
 
H
ou
se
ho
ld
1
23
 (3
3.
3)
20
1 
(2
6.
5)
N
/A
.5
9
64
 (2
6.
0)
14
7 
(1
9.
5)
N
/A
.6
6
2
21
 (3
0.
4)
31
2 
(4
1.
1)
10
1 
(4
1.
1)
19
8 
(3
8.
9)
3
21
 (3
0.
4)
19
5 
(2
5.
7)
67
 (2
7.
2)
13
0 
(2
5.
5)
4
4 
(5
.9
)
47
 (6
.2
)
14
 (5
.7
)
31
 (6
.1
)
5
0 
(0
.0
)
4 
(0
.5
)
0 
(0
.0
)
3 
(0
.5
)
Si
bl
in
g 
w
ith
 A
RI
Ye
s
20
 (2
9.
0)
12
4 
(1
6.
3)
2.
09
 (1
.2
0 
-  3
.6
3)
7.
01
(<
.0
1)
57
 (2
3.
2)
75
 (1
4.
7)
1.
75
 (1
.1
9 
– 
2.
56
)
<.
01
N
o
49
 (7
1.
0)
63
5 
(8
3.
7)
18
9 
(7
6.
8)
43
4 
(8
5.
3)
PC
V
 V
ac
ci
na
tio
n 
st
at
us
A
bs
en
t
14
 (2
5.
5)
12
4 
(2
2.
9)
1.
12
 (0
.6
1-
  2
.1
7)
0.
19
 (.
67
)
39
 (1
8.
2)
10
0 
(1
4.
7)
.0
3
Pr
es
en
t
41
 (7
4.
5)
41
7 
(2
2.
9)
17
5 
(8
1.
8)
28
2 
(8
5.
3)
A
cc
es
s 
to
 H
ea
lth
 c
ar
e 
(E
PI
)
N
o
23
 (3
3.
8)
17
7 
(3
2.
4)
1.
06
 (0
.6
2 
– 
1.
81
)
0.
24
 (.
82
)
57
 (2
7.
1)
14
2 
(3
5.
3)
0.
68
 (0
.4
1 
– 
0.
95
)
.0
3
Ye
s
45
 (6
6.
2)
36
9 
(6
7.
6)
15
3 
(7
2.
9)
26
0 
(6
4.
7)
A
cu
te
 c
hr
on
ic
 
M
al
nu
tr
iti
on
Ye
s
18
 (2
6.
1)
11
4 
(1
5.
1)
1.
98
(1
.1
2 
– 
3.
50
)
5.
78
 (.
02
)
40
 (1
6.
2)
78
 (1
5.
3)
1.
07
(0
.7
0 
– 
1.
62
)
.7
4
N
o
51
 (7
3.
9)
64
2 
(8
4.
1)
20
6 
(8
3.
8)
43
1 
(8
4.
7)
Ch
ro
ni
c 
M
al
nu
tr
iti
on
Ye
s
26
 (3
7.
7)
24
4 
(3
2.
1)
1.
27
 (0
.7
7 
– 
2.
13
)
1.
35
 (.
35
)
84
 (3
4.
1)
16
8 
(3
3.
0)
1.
05
 (0
.7
6 
– 
1.
45
)
.7
6
N
o
43
 (6
2.
3)
51
5 
(6
7.
8)
16
2 
(6
5.
9)
34
1 
(7
7.
0)
A
cu
te
 M
al
nu
tr
iti
on
Ye
s
8 
(1
3.
1)
36
 (4
.4
)
2.
62
(1
.1
7 
– 
5.
89
)
5.
85
 (.
02
)
18
 (7
.3
)
23
 (4
.5
)
1.
66
 (0
.8
7 
– 
3.
14
)
.1
0
N
o
61
 (8
8.
4)
72
0 
(8
7.
2)
22
8 
(9
2.
7)
48
6 
(9
5.
5)
a E
xc
ep
t f
or
 E
PI
 d
at
a 
(n
 =
 6
13
), 
PC
V
 s
ta
tu
s 
(n
 =
 5
96
), 
an
d 
ac
ut
e 
m
al
nu
tr
iti
on
 (n
 =
 8
25
).
b E
xc
ep
t f
or
 E
PI
 d
at
a 
(n
 =
 6
13
), 
PC
V
 s
ta
tu
s 
(n
 =
 5
96
).
c E
xc
ep
t f
or
 a
ge
 w
hi
ch
 is
 p
re
se
nt
ed
 a
s 
m
ed
ia
n 
(in
te
rq
ua
rt
ile
 ra
ng
e)
 fo
llo
w
ed
 b
y 
M
an
n-
 W
hi
tn
ey
 U
 (P
 V
al
ue
).
d D
at
a 
fo
r p
rim
ar
y,
 s
ec
on
da
ry
 a
nd
 fu
rt
he
r l
ev
el
 e
du
ca
tio
n 
ar
e 
co
m
pa
re
d 
to
 m
ot
he
rs
 w
ith
 n
o 
ed
uc
at
io
n 
(w
hi
ch
 th
er
ef
or
e 
ha
ve
 a
n 
od
ds
 ra
tio
 o
f 1
.0
0)
.
494  |     COX et al.
estimates.5,6 Furthermore, our study might underestimate the annual 
prevalence if not all affected children access health care or if there is 
variation in documentation in health passports. This reflects data on 
severe pneumonia in Malawi in which 24% of cases were identified by 
HSAs in the community, not in hospitals or health centres.14
The high point prevalence of ARI is incongruent with the annual 
prevalence detected. Some children might not seek medical ad-
vice meaning health passports under- represent the level of disease. 
Therefore, improved access to health care in rural communities might 
be required. Alternatively, repeated infections of the same children 
and a high incidence of ARI could explain the discrepancy. The subjec-
tive diagnosis of ARI in this study may overestimate the annual prev-
alence. Respiratory rate is a reliable form of respiratory assessment.28 
However, examination of children in the field was in suboptimal 
conditions; the presence of unfamiliar researchers could cause anxiety 
and subsequent tachypnoea.29
Univariate analysis corroborated findings from other studies that 
increasing household density and lower education status (annual prev-
alence data) increase ARI risk.9–11 Most households were from lower 
socio- economic groups. Therefore, there may have been insufficient 
households in higher socio- economic groups to detect a difference. 
Similarly, smaller dwellings were not associated with ARI in this study.11 
Most houses were single- or double- roomed; there might have been 
insufficient numbers of larger dwellings to detect a difference.
Clustering of infectious diseases is well documented.30 Clustering 
of ARI within households was the only risk factor significantly associ-
ated with both point and annual prevalence of ARI; improved sanita-
tion may reduce disease transmission within families. Community of 
residence was not a significant confounder. This is likely due to geo-
graphical, environmental and social similarities between communities 
resulting in similar risk factors being present.
Not being vaccinated against PCV or having EPI vaccinations were 
protective factors for pneumonia, although this was not statistically 
significant, and coverage of PCV in this study was higher than esti-
mates in neighbouring districts.14 It is expected that PCV vaccination 
protects against severe ARI. However, children with better access 
to health care may be more likely to have PCV and EPI vaccinations. 
These might be more likely to seek medical attention for ARI and have 
a diagnosis recorded in their health passport.
This study detected a lower prevalence of malnutrition than prior 
estimates.4,23,24 This could be a result school feeding programmes or 
seasonal variations in malnutrition; examination was undertaken after 
harvest; the prevalence is likely affected by the proximity to harvest 
season and the quality of the harvest. Acute malnutrition (examina-
tion and passport data) and acute- on- chronic malnutrition (examina-
tion data) were associated with ARI, but chronic malnutrition was not. 
Systemic inflammatory responses during acute malnutrition might in-
crease susceptibility to infection, but this phase has passed in chron-
ically malnourished children.31 Alternatively, ARI may cause children to 
become acutely malnourished.
The finding that males are more likely to be affected annually has 
been demonstrated previously. More males were sampled than fe-
males. There may have been more male children or parents may have 
preferentially identified male children. Similarly, bias may be present 
if the higher rate of ARI in males’ health passports is due to male 
preponderance, although the true prevalence of disease is the same 
especially as there was no significant difference between genders on 
logistic regression.
4.1 | Strengths and limitations
The random sampling method and the fact that all sampled chil-
dren participated should make results generalizable to Monkey Bay. 
Approximately 90% of Malawi’s population lives rurally,32 and this 
study provides novel data on the burden of ARI in a rural area.
The cross- sectional study design has limitations. Data were col-
lected during the rainy season, and pneumonia cases peak from 
TABLE  4 Binary logistic regression for the prediction of current 
clinical ARI, identified on examination
Predictors of Current ARI 
Infection 95% Confidence Interval
Included OR Lower Upper P Value
Household Density 1.19 0.82 1.54 .05
Sibling with ARI 2.30 1.13 4.67 .02
Acute- on- chronic 
Malnutrition
3.06 1.23 7.61 .02
Acute Malnutrition 1.31 0.45 3.83 .63
n = 825, Cox & Snell 0.083, Nagelkerke R2=.182, chi- square 50.8, P < .001.
Other non- significant factors entered into the model were age and com-
munity of residence.
TABLE  3 Binary Logistic Regression for the prediction of ARI in 
the past 12 months, identified from health passports
Predictors of ARI Infection in 
last 12 months 95% Confidence Interval
Included OR Lower Upper P Value
Male Gender 1.21 0.83 1.47 .24
Maternal Education:
No education to 
1st level
1.24 0.83 1.86 .30
No education to 
2nd level
1.32 0.63 2.77 .46
No education to 
3rd level
2.35 0.13 41.25 .56
Household Density 2.17 1.82 2.68 .02
Sibling with ARI 1.44 1.12 1.65 .01
PCV Vaccination 0.91 0.48 1.75 .70
Access to 
Healthcare
0.75 0.42 1.35 .51
Acute Malnutrition 1.69 1.28 1.76 .01
n = 596, Cox & Snell 0.10, Nagelkerke R2=.163, Chi- Square 62.6, P < .001.
Other non- significant factors entered into the model were age and com-
munity of residence.
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January to March,14,33 possibly inflating the point prevalence of ARI. 
The period prevalence should not be affected. Similarly, flooding could 
have increased the prevalence of infectious diseases. Furthermore, 
temporal relationships between risk factors and ARI cannot be estab-
lished; longitudinal studies are required.
Retrospectively gathering data from health passports introduces 
inaccuracies. Recorder bias may be present, as the detail of records 
varied and the diagnostic threshold may differ between practitioners. 
Pneumonia diagnoses may be particularly over- recorded, in cases where 
a simple cough can be over- treated with antibiotics in settings where 
auscultation or radiological evidence is not available. For this reason, ARI, 
which encompasses more severe respiratory diseases like pneumonia 
and simple viral infections, were considered in this study. Furthermore, 
disparities in access to health care may bias findings if those who are un-
able to access health care do not have diagnoses recorded despite being 
affected. This study defined the period prevalence of ARI as one or more 
episodes of ARI in the past year. Some children had several episodes of 
ARI. Considering the incidence of ARI would be useful in future studies 
if repeated infections cause a higher burden of disease.
Risk factors identified in this study for point prevalence of ARI had 
wide confidence intervals. This may be due to the small number of 
cases of ARI (n = 69) being examined. Therefore, studies with more af-
fected participants are required. Furthermore, risk factors entered into 
logistic regression models were poor predictors for ARI (Nagelkerke R2 
0.18 for point prevalence and 0.16 for period prevalence). Therefore, 
further research is required to confirm the aetiology of infection. HIV 
coinfection is a potential confounder12,13 but HIV status was not con-
sidered in this study. Although approximately 10% of Malawi’s popu-
lation is HIV positive, in rural areas HIV status is poorly documented. 
Furthermore, determining HIV status in the field was beyond the 
scope of this study.
Many parents were uncertain of their child’s age, and date of birth 
was often unrecorded in health passports. This problematized the 
calculation of malnutrition and the inclusion of older children in the 
study. In such cases, an estimate of age was made based on paren-
tal recollections and ages of siblings. Children were included in the 
study based on a pre- study census. However, parents were some-
times unaware of the child’s full name or head of household’s name, 
problematizing identification of suitable children. Furthermore, in 
fishing villages there is a transient population. All available children 
were sampled, but in some cases, less than half of households reg-
istered on the census were occupied. In other villages, there were 
more households present than registered. This made it difficult to 
ascertain the true size of villages and the proportion of eligible chil-
dren included.
4.2 | Recommendations for future research
This study considered a remote population, which may have poorer 
health; further research is required to ascertain the generalizability 
of these findings to all Malawian children. Prospective longitudinal 
research could confirm the aetiology of ARI and ascertain temporal 
relationships between risk factors, especially malnutrition, and infec-
tion. Studies diagnosing ARI with more specific methods such as aus-
cultation of the chest or pulse oximetry could obtain a more accurate 
estimate of disease prevalence as well improving accuracy for HSAs in 
diagnosing severe respiratory disease.
4.3 | Conclusion
This study was the first to examine the prevalence of and risk factors 
for ARI in the community in Malawi. The study identified high levels 
of disease; 32.6% of children required treatment annually. Therefore, 
childhood respiratory tract infection presents a substantial burden 
of disease to healthcare services in rural Malawi. More children may 
be affected than receive treatment. Therefore, improved accesses 
to diagnostic and treatment facilities as well as improved primary 
prevention of infection are needed in this population. Malnutrition 
increased the likelihood of ARI. Therefore, improved nutrition may 
reduce ARI incidence. Furthermore, this study found significant clus-
tering of disease within households. Thus, improved sanitation could 
reduce transmission of ARI. This study provides baseline data against 
which to compare future levels of disease and the impact of future 
interventions.
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